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CONTROL APPARATUS FOR CUTTING MACHINE AND METHOD OF 



1. Fifild of the Invention 

The present invention relates to indication of 
offset values of a cutting tool in a control apparatus 
which is employed in a cutting machine (specifically 
an NC lathe or machining center) for performing various 
cutting according to numerical control. 

Particularly, the present invention relates to 
the control apparatus for the cutting machine in which 
a turret turns around a B-axis so that cutting process 
can be conducted at an arbitrary position (capable of 
indexing at the arbitrary position) . Further, the 
present invention relates to the control apparatus for 
the cutting machine in which the cutting tool can rotate 
around the tool axis. 

2. Desc ription of the Related Art 

(1) In a conventional control apparatus for the 
cutting machine based on the numerical control, an 
offset value of a cutting edge of the cutting tool has 
been indicated, and numerical values for conducting the 
cutting have been inputted referring to the values. 
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There have been some cutting machines such as the NC 
lathe and machining center, in which the cutting tool 
turns around the B-axis. Here, the B-axis is a reference 
axis regulated by JIS which means an axis perpendicular 
to both the X-axis and Z-axis of the turret 1 as shown 
in Fig. 1 . 

(2) There have been heretofore those control 
apparatuss in which the offset values are indicated on 
the bases of coordinate axes relative to the turret, 
when the turret has turned with respect to the B-axis. 
For example, in case where the offset values of the 
cutting tool have been already determined, the same 
offset values are indicated at any positions where the 
turret has turned. In case where the offset values are 
(X100, Z25) for example, even though the turret has 
turned by 90 degree, the offset values have been 
indicated as (X100, Z25) . 

In this case, an operator must calculate for 
himself the offset values according to the position 
after the turn, and input the numerical values based 
on the calculated values. This has been a heavy task 
to the operator, and also there has been a risk of 
miscalculation. 
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Particularly, because the X-axis offset value is 
indicated by diameter, when the turret has turned by 
90 degree, the offset value must be twice as much as 
the Z-axis value and a half of the X-axis value, and 
the calculation has been annoying. In case where the 
turning angle is 40 degree or so, it has been impossible 
to convert the offset values by mental arithmetic. 

(3) Meanwhile, there is Japanese Publication No. 
JP-A-2000-141 1 64 of unexamined Patent Application 
which relates to a cutting machine in which the turret 
can turn around the B-axis and tool compensation values 
(the offset values) of a cutting edge of the tool are 
not indicated relative to the turret. However, in this 
patent application, the tool compensation values 
corresponding to predetermined turning angles, such as 
the turns of the turret by every 90 degree, are indicated. 
Therefore, in the art disclosed in this patent 
application, the tool compensation values (the offset 
values) when the turret has turned to arbitrary angles 
cannot be indicated. Moreover, there has been a problem 
that if the tool compensation values at every turning 
angle are to be stored, it will cause an overload of 
a memory section in the control apparatus. 
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(4) Further, the above-described problems have 
existed also, when the cutting tool is rotated around 
the tool axis . 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the 
invention to provide a control apparatus for a cutting 
machine having a turret which can turn to arbitrary 
positions, in which offset values on coordinates 
relative to the cutting machine are indicated, 
regardless of the position of the turret, and an 
operator need not calculate the offset values in the 
cutting process. 

It is another object of the invention that the 
offset values with respect to arbitrary turning angles 
of the turret can be indicated, while reducing load on 
a memory section in the control apparatus. 

It is a further object of the invention to make 
it unnecessary to convert the offset values of a cutting 
edge of the tool after rotation, even in a control 
apparatus for a cutting machine which can rotate to an 
arbitrary position relative to a tool axis. 

(1) This invention relates to a control apparatus 
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for a cutting machine adapted to conduct numerical 
control and having a turret 1 which can be turned to 
arbitrary positions, characterized in that an X-axis 
offset value (AX) and a Z-axis offset value (AZ) of 
a cutting edge 3 of a cutting tool when the turret 1 
has been turned to an arbitrary angle are converted to 
values on coordinates relative to the cutting machine, 
and indicated. 

Here, the X-axis offset value (AX) and the Z-axis 
offset value ( A Z) are defined as values for 
compensating a difference between a position of the 
cutting edge of the tool assumed on a prepared cutting 
program and an actual position of the cutting edge, when 
they are different from each other. Specifically, on 
coordinates defined by two axes (the X-axis and the 
Z-axis) perpendicular to each other concerning the 
positions of the cutting edge of the tool, the value 
twice as much as the X-axis value (indication by 
diameter) is referred to as "the X-axis offset value", 
and the Z-axis value is referred to as "the Z-axis offset 
value " . 

In the conventional cutting machine, the same 
offset values have been indicated even when the turret 
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1 has turned around the B-axis. This is because the 
offset values relative to the turret 1 have been 
indicated. On the other hand, in this invention, the 
offset values are not relative to the turret 1, but 
always indicated as points on the coordinates relative 
to the cutting machine, at any position where the turret 
1 has turned. This facilitates calculation of 
compensation values to be inputted in the cutting 
process. For example, in an embodiment as shown in Figs. 
1 to 3, an initial position is set at a position of -90 
degree of the turret 1 in Fig. 1, and the offset values 
after the turret 1 has turned are indicated on the basis 
of this coordinate. 

Also in this invention, at every turn of the turret 
1, the offset values are converted according to its 
turning angle ( a ) and indicated. Accordingly, the 
memory section of the control apparatus need not store 
the offset values at every turning angle, and thus, the 
load with respect to a capacity for memory will be 
decreased • 

(2) One of desirable embodiments of the invention 
is the above described control apparatus, 
characterized in that wear compensation values (Axt, 
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Azt) are indicated in relation to the X-axis offset 
value (AX) and the Z-axis offset value (AZ) . Further, 
this control apparatus is preferably in such a form that 
the inputted wear compensation values (AXt, Azt) may 
be indicated in order of the input. 

An ordinary cutting process is not completed by 
a single cutting, but several cuttings must be 
conducted. This is done so as to avoid cutting too much 
when the cutting is conducted at a time, and so as to 
compensate for wear of the cutting edge of the tool. 

When such several cuttings are conducted, the 
operator measures sizes of a workpiece to be cut after 
the cutting process, and further cuts a portion 
exceeding a preset value by inputting the wear 
compensation values. In this case, the wear 
compensation values are inputted with reference to the 
X-axis offset value (AX) and the Z-axis offset value 
( A Z) which are indicated. However, the wear 
compensation values to be inputted at a second and 
successive cuttings must be set with reference to the 
wear compensation values which have been inputted at 
a previous cutting, so that a further cutting may be 
conducted in addition to the inputted values. 
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For example, in case where the offset value is (X 
100.0) and the wear compensation value at a first 
cutting is (-0.1) in cutting an outer periphery, the 
compensation value at the second cutting must be 
smaller than (-0.1). If the compensation value of 
(-0.05) is inputted at the second cutting, the cutting 
will not be conducted. In this manner, not only the 
offset value but also the wear compensation value at 
the previous cutting has a significant meaning when 
inputting the wear compensation value. 

Accordingly, this invention is able to provide the 
operator with guidelines for the wear compensation 
values by inputting not only the offset values on the 
X-axis and the Z-axis, but the wear compensation values 
(AXt, AZt) with reference to the offset values. In 
addition, by providing means for indicating the 
inputted wear compensation values in order, the 
operator can see a history of the wear compensation 
values in the past, and can easily set the next wear 
compensation values . 

(3) This invention also relates to the above 
described control apparatus, which can be implemented 
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in such a manner that when the turret 1 has been turned 
to a turning angle ( a ) , an X-axis value of the tool 
(L2), a Z-axis value of the tool (LI), an X-axis value 
of the turret (L4) and a Z-axis value of the turret (L3) 
are converted according to the following equations to 
calculate the aforesaid X-axis offset value (AX) and 
the Z-axis offset value (Az) . 
AX = (AAz-cosa - AAx-sincx) *2 (Equation 1) 

A Ax = L2 + L4 

A Az = LI + L3 
AZ = -AAz-sina - AAx-cosa (Equation 2) 

( ol : turning angle of the turret 1 relative to the 
B-axis. A vertically downward direction of the X-axis 
in Fig. 1 is set to be 0 degree) 

This invention is characterized in that any 
position to which the turret 1 has turned is converted 
to points on the coordinates relative to the cutting 
machine, and indicated. There is no restriction in the 
equations for the conversion. In an embodiment in which 
the size L3 or L4 of the turret 1 varies according to 
the turn of the turret 1, in case where the size LI or 
L2 of the tool varies, and in case where an axis of the 
turn is not perpendicular to the X-axis and the Z-axis, 
it is possible to perform the conversion by employing 
appropriate conversion equations taking those 
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variations into consideration. 

The above described equations for the conversion 
are employed in one of the embodiments according to this 
invention, and the equations for the conversion when 
the turret 1 simply turns around the B-axis are shown 
in Figs. 1 to 3. Therefore, in the embodiment in which 
the turret 1 turns around the B-axis, the invention 
described in the above item (1) can be implemented 
according to the above-described equations for the 
conver s ion . 

(4) This invention also relates to a method of 
indicating an X-axis offset value (AX) and a Z-axis 
offset value (AZ) of a cutting edge 3 of a cutting tool 
in a control apparatus for a cutting machine having a 
turret 1 which can be turned to an arbitrary position, 
characterized in that the method includes the following 
steps; 

-a step of reading an X-axis value of the tool (L2) , 
and a Z-axis value of the tool (LI) of the selected 
cutting tool 2, and reading an X-axis value of the turret 
(L4), and a Z-axis value of the turret (L3) stored in 
memory ( S 2 ) . 

-a step of reading a turning angle ( a ) of the 
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turret 1 ( S 6 ) . 

-a step of calculating the X-axis offset value (A 
X) and the Z-axis offset value (AZ) according to the 
following equations, employing the aforesaid X-axis 
value of the tool (L2), the Z-axis value of the tool 
(LI) , the X-axis value of the turret (L4) and the Z-axis 
value of the turret (L3) (S7) . 

AX = (AAz-cosa - AAx-sina) x 2 (Equation 1) 

A Ax = L2 + L4 

AAz = LI + L3 
AZ = -AAz-sina - AAx-cos a (Equation 2) 

(a : turning angle of the turret 1 relative to the 
B-axis. A vertically downward direction of the X-axis 
in Fig. 1 is set to be 0 degree) 

-a step of indicating the X-axis offset value (A 
X) and the Z-axis offset value (AZ) (S8). 

In addition to indicating the offset values, the 
steps of conducting the cutting work further includes, 
as shown in Fig. 6, a step of exchanging the tool by 
anATC { Automat ic Too 1 Changer ) (S4) after the step (S2), 
and a step of inputting the turning angle ( a ) by the 
operator (S5) or a step of manually turning the turret 
1 by the operator and reading the turning angle ( a ) by 
a CPU prior to the step (S6) . 
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(5) This invention also relates to a control 
apparatus for a cutting machine adapted to conduct 
numerical control and in which a cutting tool 2 can be 
rotated around the tool axis to an arbitrary position, 
characterized in that an X-axis value of the tool (L2r) 
of a cutting edge 3 when the cutting tool 2 has been 
rotated to an arbitrary angle is converted to a value 
on a coordinate relative to the cutting machine, and 
an X-axis offset value (AXr) after the rotation is 
obtained from the following equations employing this 
X-axis value of the tool (L2r) and an X-axis value of 
the turret (L4), whereby this X-axis offset value (A 
Xr) is indicated. 
AXr = A Axr x 2 

A Axr = L2r + L4 

In an embodiment in which the cutting tool 2 is 
simply rotated around the tool axis, an equation for 
conversion for "converting the X-axis value of the tool 
(L2r) of the cutting edge 3 after the rotation to the 
value on the coordinate relative to the cutting 
machine" is L2r = L2-cos /3 . In this manner, the operator 
can grasp the X-axis offset value, regardless of a 
rotation angle ( j3 ) o f the cutting tool 2, even in case 
where the cutting tool 2 has been rotated around the 
tool axis to an arbitrary position, thus enabling a wear 
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compensation value to be easily inputted. 

(6) This invention also relates to a control 
apparatus for a cutting machine adapted to conduct 
numerical control and in which a cutting tool 2 can be 
rotated around the tool axis to an arbitrary position, 
characterized in that a Y-axis offset value of the tool 
(AY) of the cutting edge 3 when the cutting tool 2 has 
been rotated to an arbitrary angle is converted to a 
value on a coordinate relative to the cutting machine, 
and indicated. In a form in which the cutting tool 2 
simply rotates around the tool axis, this Y-axis offset 
value (AY) can be obtained from an equation, AY = 
L2 • sin j3 • 

In this manner, the operator can grasp the Y-axis 
offset value, regardless of a rotation angle ( J8 ) of 
the cutting tool 2, even in case where the cutting tool 
2 has been rotated around the tool axis to an arbitrary 
position, thereby to facilitate an input of a wear 
compensation value . 

(7) Further, this invention relates to the above 
described control apparatus, characterized in that 
wear compensation values (Axt, A Y t ) are indicated in 
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relation to the X-axis offset value (AXr) and the 
Y-axis offset value (AY) when the cutting tool 2 has 
been rotated to an arbitrary angle. Further, this 
control apparatus is preferably in such a form that the 
inputted wear compensation values (AXt, AYt) may be 
indicated in order of the input. 

Accordingly, in the same manner as in the above 
item (2) , this invention is able to provide the operator 
with guidelines for the wear compensation values. In 
addition, by providing means for indicating the 
inputted wear compensation values in order, the 
operator can see a history of the wear compensation 
values in the past, and can easily set the next wear 
compens ation values. 

One of desirable embodiments of this invention is 
an embodiment in which the Z-axis wear compensation 
value (Azt) is indicated in relation to the Z-axis 
offset value ( AZr) , and the inputted wear compensation 
value (AZt) is indicated in order of the input. 

(8) This invention also relates to the control 
apparatus as described in the above items (1) to (3), 
characterized in that the cutting tool 2 can be rotated 
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around the tool axis to an arbitrary position, the 
X-axis value of the tool (L2r) of the cutting edge 3 
when the cutting tool 2 has been rotated to the rotation 
angle ( j3 ) is obtained from L2r = L2-cosj3 , and that 
the X-axis offset value and the Z-axis offset value when 
the turret 1 has been turned to the turning angle ( a ) 
are calculated according to the following equations, 
and these X-axis offset value (AXr) and the Z-axis 
offset value (AZr) are indicated. 
AXr = (AAz-cosa - AAxr-sina) x 2 (Equation 3) 

A Ax r = L2 + L4 
AAz = LI + L3 
AZr = -AAz-sina - AAxr-cosa (Equation 4) 

According to this invention, even in case where 
the cutting tool 2 rotates around the tool axis, and 
at the same time, the turret 1 turns, the X-axis offset 
value and the Z-axis offset value can be indicated as 
values on the coordinates relative to the cutting 
machine. As the results, the operator can make these 
X-axis offset value and Z-axis offset value as 
guidelines, thus facilitating the input of the wear 
compensation values on the X-axis and the Z-axis. 

RRTFF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view of turning a turret 1 (a turning 
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angle is -90 degree) (the initial position); 

Fig. 2 is a view of turning the turret 1 (a turning- 
angle is ™40 degree); 

Fig. 3 is a view of turning the turret 1 (a turning 
angle is -0 degree); 

Fig. 4 is a block diagram of a control apparatus; 

Fig. 5 is an image on the display indicating offset 
values, and wear compensation values; 

Fig. 6 is a flow chart showing steps of carrying 
out the invention; 

Fig. 7 is a view of rotating a cutting tool 2; 

Fig. 8 is a view of turning and rotating the 
cutting tool 2; and 

Fig. 9 is an image on the display indicating the 
offset values, and the wear compensation values; 

DETAILED DESCRIPTION Q E THE PREFERRED EMBODIMENTS 

(A: Cutting Machine) 

This invention relates to a control apparatus in 
a cutting machine. A structure of a turret 1 which is 
controlled by this control apparatus is shown in Fig. 
1. Fig. 1 shows the turret 1, a cutting tool 2 mounted 
on the turret 1, a workpiece 4 to be cut, and a chuck 
5 for clamping the workpiece. Here, the "cutting 
machine" means machinery for conducting cutting by 
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rotating the cutting tool 2 or the work 4, such as a 
lathe or machining center. The cutting machine can move 
in directions of the X-axis and the Z-axis as shown in 
Fig. 1 to conduct the cutting, and can adjust a relative 
distance between the cutting tool 2 and the workpiece 
4 . 

Moreover, the cutting machine to which this 
invention is applied is such that the turret 1 turns 
around the B-axis to be fixed at an arbitrary turning 
angle (a) (indexing), and conduct the cutting work. 
The turret 1 turned around the B-axis is shown in Figs. 
2 and 3. The turning angle (a) is -90 degree in Fig. 
1, -40 degree in Fig. 2, and 0 degree in Fig. 3. As shown 
in Figs. 1 to 3, the B-axis is based on a negative 
direction of the X-axis, and a clockwise direction is 
regarded as a negative direction in the following 
des cr ip t ion . 

It is to be noted that definitions of the above 
mentioned X-axis, Z-axis and B-axis are the same as 
prescribed by J IS . The cutting machine may have the same 
structure as in the conventional art except the control 
apparatus, and will be omitted in the drawings. 
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(B: Control apparatus) 

The structure of the control apparatus is shown 
in Fig. 4 in a block diagram. The control apparatus 
includes a CPU for conducting various processes, a 
display for indicating offset values (Ax, AZ, AY) and 
wear compensation values (AXt, AZt, AYt), an input 
section for inputting various numerical values, and a 
memory section for storing various programs, values of 
the cutting tool 2 (L2, LI) on the X and Z axes of the 
tool, and values of the turret 1 (L4, L3) on the X and 
Z axes of the turret. These sections transmit and 
receive data through a bus . 

In addition, since the turret 1 turns around the 
B-axis in this invention, the control apparatus 
includes a B-axis control section for reading out its 
turning angle ( a ) . The control apparatus further 
includes an X-axis control section and a Z-axis control 
section as an ordinary cutting machine. In case of the 
cutting machine which can rotate around a tool axis of 
the cutting tool 2, the control apparatus includes a 
tool axis control section for controlling the rotation 
of the cutting tool 2. 

The above mentioned display may employ a liquid 



-18 




crystal display or CRT. The input section may employ 
a keyboard, a touch panel, etc. The memory section can 
be embodied by appropriately combining various kinds 
of memory means, such as RAM , ROM, hard disk, etc. 

This memory section stores the X-axis value of the 
turret (L4) and the Z-axis value of the turret (L3), 
which are offset values concerning the turret 1, and 
the X-axis value of the tool (L2) and the value of the 
Z-axis of the tool (LI) on every tool mounted. Here, 
the X-axis value of the tool (L2) means a distance from 
a center of the tool to an edge thereof in a direction 
of the X-axis, and the X-axis value of the turret (L4) 
means a distance from the center of the tool to the 
B-axis (the center of the turn) in a direction of the 
X-axis. In an embodiment in which the cutting tool 2 
rotates around the tool axis as described below, these 
value (L2) on the X-axis of the tool and the value (L4) 
on the X-axis of the turret mean distances from the tool 
axi s . 

The memory section also stores a program for 
calculating the offset values, a program for conducting 
cutting according to an ordinary numerical control, and 
a program for giving instructions to the respective 
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axis control sections. 

"The axis control sections" such as "B-axis 
control section" or so are respectively associated with 
a motor, and serve to drive the motor according to the 
instructions for the numerical control which are given 
from the CPU to vary the relative distance between the 
cutting tool 2 and the workpiece 4 with respect to the 
directions of the axes. "The axis control sections" 
have also such functions of reading the turning angle 
( a ) when the turret 1 is manually turned, and the 
turning angle ( /3 ) when the cutting tool 2 is manually 
rotated, to transmit them to the CPU. 

(C: Flow of Operation) 

Manner of indicating the offset values on the 
X-axis (AX) and the offset values on the Z-axis (A 
Z) of the edge 3 of the cutting tool in this control 
apparatus will be described below. Flow of the 
operation is shown in Fig. 6. 

(SI) The operator inputs a tool number suitable 
for the cutting process. The inputted number is 
transmitted from the input section to the CPU by way 
o f the bus . 
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(S2) The CPU conducts a search in the memory 
section using the tool number, and reads the X-axis 
value of the tool (L2) and the Z-axis value of the tool 
(LI) of the selected cutting tool 2. The CPU also reads 
the X-axis value of the turret (L4) and the Z-axis value 
of the turret (L3) of the turret 1 which have been stored 
in advance. The CPU moreover reads type of the selected 
tool whether it is for turning or milling. In this 
embodiment, the tool is for turning, and the X-axis 
value of the tool (L2) is set to be "-10", the Z-axis 
value of the tool (LI) is set to be "10 0", the X-axis 
value of the turret (L4) is set to be "-1", and the Z-axis 
value of the turret (L3) is set to be "300". In the 
drawings, differences between the distances are 
emphasized to clearly show the values. 

In order to indicate positive and negative of the 
X-axis value of the tool (L2), directions of the tool 
axis as seen from the cutting edge 3 of the cutting tool 
in a state where the B-axis is at -90 degree are shown 
by the positive and the negative directions of the 
X-axis. In Fig. 1, as the tool axis is directed downward 
(in the negative direction of the X-axis) as seen from 
the edge, it is regarded as (-10) . In order to indicate 
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positive and negative of the X-axis value of the turret 
(L4) , directions of the B-axis (the center of the turn) 
as seen from the tool axis are shown by the positive 
and the negative directions of the X-axis. In Fig. 1, 
as the B-axis is directed downward (in the negative 
direction of the X-axis) as seen from the tool axis, 
it is regarded as (-1) . On the other hand, the Z-axis 
value of the tool (LI) and the Z-axis value of the turret 
(L3) are always positive values. 

(S3) The CPU calculates the X-axis offset value 
(AXO) and the Z-axis offset value (AZO) when the 
turning angle is -90 degree (at the initial position) . 
This initial position is not particularly restricted, 
and although it is the position of -90 degree in this 
embodiment, the initial position may be any other 
positions. The initial X-axis offset value (AXO) is 
twice as much as a sum (AAx) of the X-axis value of 
the tool (L2) and the X-axis value of the turret (L4) 
to indicate it by diameter. In this embodiment, by 
entering "a = -90" into the following equation (1), 

( Equation 1 ) 
AXO = (AAZ'COs (-90) - AAx-sin (-90)} x 2 

AAx = L2 + L4 - -11, AAz = LI + L3 = 400 
the result of AXO = -22.00 is obtained. 
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On the other hand, the initial Z-axis offset value 
(AZO) is a sum (AAz) of the Z-axis value of the tool 
(LI) and the Z-axis value of the turret (L3). In this 
embodiment, by entering "a = -90" into the following 
equation ( 2 ) , 

(Equation 2) AZO = -AAz-sin (-90) - AAx-cos (-90) 
the result of AZO = 400 is obtained. 

Then, t he X - ax i s o f f s e t va 1 u e (AX0) and the Z-axis 
offset value (AZO) thus calculated are outputted on 
the display. Fig. 5 shows a specific example of the 
display. As shown in Fig. 5, the type of the tool is 
indicated as "turning" on the display. "-90 degree" is 
indicated as the turning angle at the initial position, 
"-22.00" and "400.00" are respectively indicated on the 
X-axis and on the Z-axis as the initial offset values. 

(54) The CPU transmits the tool number to an ATC 
(Automatic Tool Changer) . The ATC attaches the selected 
tool to the turret 1. 

(55) The operator inputs the turning angle (a) 
of the turret 1. In this embodiment, -40 degree is 
inputted as the turning angle ( a ) . 
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(56) The inputted turning angle (a) is read by 
the CPU, and stored in it temporarily. The CPU transmits 
the turning angle ( a ) to the B-axis control section, 
and the B-axis control section drives the motor to turn 
the turret 1 by the turning angle ( a ) . A position of 
the turret 1 at the turning angle of -40 degree is shown 
in Fig. 2 . 

(57) The CPU calculates, according to the 
following equations (1) and (2), the X-axis offset 
value (AX) and the Z-axis offset value (AZ) after the 
turn, employing the turning angle ( a. ) , and the X-axis 
value of the tool (L2), the Z-axis value of the tool 
(LI), and the X-axis value of the turret (L4), and the 
Z-axis value of the turret (L3) which have been read 
as described above. 

(Equation 1) 
AX = {AAz*cos (-40) - AAx-sin (-40)} x 2 

AAx = L2 + L4 - -11, AAz = LI + L3 - 400 
(Equation 2) AZ = -AAz-sin (-40) - AAx-cos (-40) 
As the result of the calculation, AX is "598.69" 
and A Z is "2 65.54 ". 

(58) The CPU indicates the X-axis offset value (A 
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X) and the Z-axis offset value (AZ) thus calculated 
on the display. In Fig. 5, they are indicated in a second 
column in the table. In this manner, in the control 
apparatus according to the invention, to whichever 
position the turret 1 has been turned, the offset values 
of the edge of the tool are indicated as the values on 
the coordinates relative to the cutting machine (the 
values on the coordinates relative to the initial 
position) . Accordingly, the operator can obtain and 
input the wear compensation values as described below, 
regardless of the position of the turret 1. Because 
these wear compensation values can be easily obtained, 
errors in calculating and inputting the wear 
compensation values will be decreased. 

(S9: Indication of the wear compensation values) 
The control apparatus conducts the cutting 
process (a first cutting) according to the ordinary 
cutting program. After the cutting, the operator 
measures sizes of the workpiece 4, grasps differences 
between target sizes and actual sizes, and conduct a 
second cutting corresponding to the differences in size 
(conducts a so-called "follow" cutting) . 

In this embodiment, the operator inputs " - 0 . 0 9 " 
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as the X-axis wear compensation value (Axt) and 
0.04" as the Z-axis wear compensation value ( AZt) , 
referring to the calculated offset values on the X- 
axis (AX) of " 598.69" and on the Z-axis (AZ) of 
"265.54". 

(510) The control apparatus reads the inputted 
wear compensation values (AXt, AZt), and indicates 
them on the display. On this occasion, these wear 
compensation values (AXt, AZt) are related to the 
X-axis offset value (AX) and the Z-axis offset value 

(AZ) . In Fig. 5, the X-axis wear compensation value 
(AXt) is indicated below the offset values on the 
X-axis (AX), and the Z-axis wear compensation value 
(AZt) is indicated below the Z-axis offset value (A 
Z) . 

(511) The control apparatus conducts the follow 
cutting on the basis of the inputted wear compensation 
values (AXt, AZt) . 

(512) Thereafter, the operator measures the sizes 
of the workpiece after every cutting process, and 
inputs the wear compensation values for a second and 
a third cuttings, and conducts the follow cuttings to 
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a finished product having the designed sizes. The 
control apparatus indicates the wear compensation 
values (Axt, AZt) in relation to the X-axis offset 
value (AX) and the Z-axis offset value <AZ), on each 
time when the wear compensation values are inputted. 
In Fig. 5, " - 0 . 0 9 " is indicated as the X-axis wear 
compensation value and "-0.04" is indicated as the 
Z-axis wear compensation value, at the first cutting. 
As the wear compensation values for the second and 
successive cuttings, "-0.24" and "-0.09" which are 
smaller than the previous compensation values are 
respectively inputted and indicated. 

(When a = 0 degree) 

Further, the offset values (AX, AZ) when the 
turning angle is 0 degree as shown in Fig. 3 are 
indicated in a lower column of Fig. 5. When a, = 0 degree, 
(Equation 1) AX = {AAz-cos (0) - AAx-sin (0)} x 2 
AAx = L2 + L4 - -11, AAz = LI + L3 = 400 
the result of AX - 800 is obtained, and 

(Equation 2) AZ = -AAz-sin (0) - AAx-cos (0) 
the result of AZ = 11 is obtained. 

(D: Other Embodiments) 

(1) In the above step (S5), the operator has 
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inputted the turning angle ( a ) , and the control 
apparatus has turned the turret 1 on the basis of this 
inputted value. However, this invention can be also 
applied to an embodiment in which the turret 1 is 
manually rotated to an arbitrary position. 

In this case, the control apparatus reads the 
turning angle ( ct ) of the turret 1 which has been turned 
manually, from the B-axis control section, and stores 
this turning angle ( a ) . Then, the control apparatus 
calculates the offset values on the X-axis and on the 
Z-axis, employing the values. 

(2) In the above described step (S10), the wear 
compensation values (AXt, AZt) are indicated in 
relation to the offset values on the X-axis and on the 
Z-axis (AX, AZ) . Besides the manner of indicating the 
wear compensation values (Axt, Azt) below the offset 
values on the X-axis and on the Z-axis (AX, AZ), they 
can be indicated at sides of the offset values on the 
X-axis and on the Z-axis (AX, AZ) . Alternatively, the 
offset values and the wear compensation values can be 
indicated in different colors so as to be recognized 
in relation to each other. 
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(3) In the above described steps (S3), (S4), after 
the initial offset values have been indicated, the 
process has been shifted to the step of the ATC . However, 
this order is not particularly restricted, but a manner 
of indicating the initial offset values (AXO, AZO) 
after the tool has been mounted can be also put into 
pr act ice . 

(E: Rotation around the Tool Axis) 

(1) Usually, the cutting tool 2 is used in a 
position mounted to the turret 1. However, according 
to cutting conditions, the cutting tool 2 may be used 
in a state directed oppositely, or in a state where the 
edge is directed in other directions (in a state where 
the cutting tool 2 is rotated around the tool axis). 
In this case, in order to prepare a cutting program, 
not only the above described X-axis value of the tool 
(L2) but the offset value of the edge in a direction 
of the Y-axis (AY) should be taken into consideration. 

The above described X-axis value of the tool (L2r) , 
the X-axis offset value (AXr)and the Z-axis offset 
value (AZr), and the Y-axis offset value (AY), in an 
embodiment in which the cutting tool 2 rotates around 
the tool axis will be described referring to Figs. 7 
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to 9. In the description, "r" is affixed to the signs 
of the values when, the cutting tool 2 has rotated. 
However, the Y-axis offset value is not affixed with 
"r", because this offset value is arisen only when the 
tool has rotated. 

Fig. 7 shows a tool nose of the cutting tool 2 
mounted to the turret 1 (before and after the rotation) . 
Fig. 8 shows a state in which the turret 1 has turned 
by the turning angle ( a ) and further, the cutting tool 
2 has rotated around the tool axis. Fig. 9 shows a 
specific example of the image displaying the offset 
values on this occasion. The rotation angle ( 0 ) is 
relative to the X-axis, and a clockwise rotation as seen 
from the cutting edge is shown as positive. 

(2) The cutting tool 2 as shown in a dotted line 
in Fig. 7 is shown in the initial state when it has been 
mounted to the turret 1, and the cutting tool 2 as shown 
in a solid line is shown in a state after it has rotated 
by the rotation angle ( 0 ) - In the drawing, a tool nose 
portion of the tool having the cutting edge 3 of the 
cutting tool (a portion of an exchangeable component) 
is hatched. 
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In the drawing, the cutting tool 2 rotates around 
the tool axis. A direction of the cutting edge in the 
initial state of the cutting tool 2 is set as the 
direction of the X-axis, and a direction perpendicular 
to this X-axis on the same plane is set as the direction 
of the Y-axis. The direction in which this X-axis is 
set is not particularly restricted, but can be 
implemented in such a manner that it is relative to the 
direction of the cutting edge in the initial state of 
the cutting tool 2, as shown in the drawing. In Fig. 
7, since the cutting tool 2 is mounted in a state where 
the cutting edge is directed to the upward left, the 
upward and leftward direction is set as the X-axis. In 
the description, the X-axis value of the tool (L2) , the 
Z-axis value of the tool (LI), the X-axis value of the 
turret (L4), and the Z-axis value of the turret (L3) 
are the same as in the above described embodiment, as 
follows ; 

(LI = 100, L2 = -10, L3 = 300, L4 = -1) 

(3) In this embodiment, the cutting tool 2 rotates 
to an arbitrary position around the tool axis. 
Therefore, the X-axis value of the tool (L2) and the 
X-axis value of the turret (L4) are defined as distances 
from the tool axis. The cutting tool 2 which has rotated 
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by the rotation angle ( j3 ) of 120 degree is shown in 
a solid line. The X-axis value of the tool (L2r) of the 
cutting edge 3 after the rotation can be obtained from 
the following equation. 

L2r ■= L2-cos 0 - (-10) -cos 120 = 5 

Then, the X-axis offset value (AXr) is obtained 
from the equation, AXr = (L2r + L4) x 2. 

AXr ={5 + (-1) } x 2 = 8 . 

The CPU in the control apparatus indicates this 
AXr = 8 on the display. In this manner, even when the 
cutting tool 2 is rotated to the arbitrary position 
around the tool axis, the operator can grasp the X- 
axis offset value, regardless of the rotation angle ( 0 ) 
of the cutting tool 2, thus facilitating the input of 
the wear compensation values. 

(4) Moreover, according to this invention, in the 
above described embodiment, the Y-axis offset value (A 
Y) when the cutting tool 2 has rotated to an arbitrary 
angle is converted to the value on the coordinate based 
on the cutting machine, and indicated. As shown in Fig. 
7, the Y-axis offset value (AY) is obtained from the 
equation, (AY) = L2-sin j3 . In this embodiment, (AY) 
= -10-sin (12 0) =-8.66. The CPU in the control apparatus 
indicates this value, (AY) = -8.66 on the display. In 
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this manner, when the cutting tool 2 has been rotated, 
the operator can grasp the Y-axis offset value, 
regardless of the rotation angle ( j3 ) of the cutting 
tool 2, facilitating the input of the wear compensation 
values . 

A method of obtaining the values of the cutting 
edge after the rotation, relative to the coordinates 
in the initial position of the cutting tool 2 as 
described above is referred to as a method of converting 
it to the values on the coordinates relative to the 
cutting machine. Positive or negative of the Y-axis 
offset value is determined according to the direction 
of the cutting edge 3 with respect to the tool axis. 
In Fig. 7, the offset value is negative, because the 
tool axis is directed to the downward left from the 
cutting edge, that is, negative direction of the Y- 
ax i s . 

(5) Then, an embodiment of indicating the offset 
values (AXr, AZr, AY) in case where the turning angle 
(a ) of the turret 1 is -40 degree, and the rotation 
angle (0 ) of the cutting tool 2 is 120 degree will be 
de s cr ibed . 
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(i) The steps (SI) to (S8) as shown in Fig. 6 are 
the same in the previous embodiment in which only the 
turret 1 turns. The offset values (AX, AZ, AY) when 
the turning angles of the turret 1 are -90 degree, -40 
degree are shown in Fig. 9. In case wherea = -90 degree, 
-40 degree, the offset values (AX) and (Az) are the 
same as those in Fig. 5, and the Y-axis offset value 
( A Y) is "0.00", because the cutting edge is not 
rotated . 

(ii) Then, the operator inputs the rotation angle 
of 120 degree from the input means. The control 
apparatus stores this value, and gives instructions for 
rotating the tool axis to the tool axis control section 
by way of the bus. This can be also implemented in such 
a manner that the operator rotates the cutting tool 2 
manually, and the tool axis control section reads the 
rotation angle ( j3 ) . 

(iii) Means for calculating the X-axis value of 
the tool (L2r) , the X-axis offset value (AXr) and the 
Y-axis offset value (AY) when the rotation angle ( j3 ) 
is 120 degree are the same as described in the above 
items (3) and (4). Specifically, the following 
calculation is conducted employing the equations (3), 
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(4) . 



. the X-axis value of the tool: 

L2r - L2-cos j3 = (-lO)-cos 120 = 5 
A Ax r - L2 + L4 - 5 + (-1) = 4 

AAz = LI + L3 = 400 
(Equation 3) AX = { 4 00-cos (-40) - (4)-sin (-40)} x 2 
=617.98 

(AY) = -10-sin (120) = -8.66 

Further, the Z-axis offset value is as follows; 
(Equation 4) AZr = -AAz-sin (-40) - AAxr-cos (-40) 



(iv) The CPU indicates the X-axis offset value (A 
X) on the display, the Z-axis offset value (AZ) and 
the Y-axis offset value (AY) thus calculated. A 
specific example of the image is shown in a third column 
of Fig. 9. In this manner, even when the cutting tool 
2 is rotated, the operator can recognize the offset 
values of the cutting edge as the values on the 
coordinates relative to the state provided with the 
cutting tool 2, regardless of the direction (extent of 
the rotation) of the cutting tool 2, thus facilitating 
the input of the wear compensation values. 



= -(400)-sin (-40) - (4)-cos(-40) 



- 254.05 
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(v) The steps of measuring the sizes, inputting 
the wear compensation values, and indicating these 
values are the same as in Fig. 6. The X-axis wear 
compensation value ( Axt) , the Z-axis wear compensation 
value (AZt) and the Y-axis wear compensation value (A 
Yt) in relation to the offset values (AXr, AZr, A 
Y) are shown in a fourth column of Fig. 9. In this 
embodiment, the X-axis wear compensation value (AXt) 
of "-0.08", the Z-axis wear compensation value (Azt)of 
"-0.05" and the Y-axis wear compensation value (AYt)of 
"0.06" are respectively indicated. The wear 
compensation values inputted on the second and the 
successive cuttings are indicated in order of the 
input . 

(6) In Fig. 9, there are indicated the offset 
values in three directions of the X-axis, the Z-axis 
and the Y-axis. It is not always necessary to indicate 
these offset values in the three directions in 
implementing this invention, but a manner of indicating 
only either one of them can be implemented. Further, 
a manner of indicating the values in combinations of 
the X-axis and the Z-axis, the X-axis and the Y-axis, 
and the Z-axis and the Y-axis can be also implemented. 



-36 



